California, and seemed to be an ordinary supernova already well under way. It was infrequently observed over the next few months, and was eventually classified 4 as a common type of supernova called type II-P in January 2015. Its subsequent failure to decline led Arcavi and colleagues to flag it for special attention.
luminous supernovae ever seen, iPTF14hls was brighter than an ordinary type II-P explosion and, by lasting so long, it radiated much more energy.
Just as the light from iPTF14hls refused to fade, the spectrum of the light refused to evolve. Usually, as a supernova expands, it reveals deeper, more-slowly moving material, and the lines in its spectrum get narrower. But in the case of iPTF14hls, Arcavi et al. found that the light-emitting region maintained the same speed throughout the supernova's lifetime.
This result might make sense if the authors had observed the emission from a single shell of ejected matter. However, the radius of such a shell would have increased over time. Radiation theory tells us that if something gets bigger but maintains its luminosity, it should also get cooler. Confounding expectations again, iPTF14hls remained at the same temperature (about 6,000 kelvin), suggesting that the radius of the light-emitting region was roughly constant. What was going on?
Supernovae shine for one of four reasons 5 : radioactive decay; radiation released by the shock-heated envelope of a massive star as it expands and cools (ordinary type II-P supernovae); colliding shells that convert kinetic energy into light (type IIn supernovae); or radiation from a central, compact stellar object such as a magnetar. In the case of iPTF14hls, radioactivity can be ruled out because the isotopes that have the correct lifetime to explain the emission are not sufficiently abundant in the explosion. Likewise, radiation from a shock-heated envelope would require an envelope mass and an explosion energy that are incompatible with our understanding of stellar evolution.
It therefore falls to a magnetar or colliding shells to explain iPTF14hls. Arcavi and colleagues explore both possibilities and rule out the simplest models. Using standard formulae, which might not be adequate for this event, they conclude that the initial luminosity of a magnetar would be too high to explain their observations. Similarly, the colliding shells that are typical of type IIn supernovae would produce X-ray and radio emission that was not seen for iPTF14hls, and narrower spectral lines than were observed.
Having ruled out all of the standard theoretical models, Arcavi et al. tie their hopes to an alternative scenario: a pulsational pairinstability supernova 6 . In this model, during the death of an extremely massive star, violent thermonuclear instabilities in the final stages of nuclear fusion lead to repeated supernovalike outbursts. Each outburst ejects a few solar masses of material in pulses, and can do so for a long time without destroying the star. For stars born with masses near 105 solar masses, the outbursts can continue for about 2 yearsin agreement with the overall timescale for iPTF14hls.
The model also predicts that, before the violent pulses, the star loses about half of its mass to stellar winds, and perhaps to earlier pulses -the authors note that a possible eruption occurred 60 years before iPTF14hls, in the same location. About 10 solar masses are then ejected in the explosion itself. The remaining 40 solar masses or so collapse to a black hole, which might provide additional luminosity by accreting matter that failed to escape.
Pulsational pair-instability supernovae have not been definitively observed, but, in theory, the emitted radiation results from colliding shells (Fig. 1 ). These shells move more quickly than in type IIn supernovae, with the fastest material being ejected in the first pulse. Consequently, the shells collide far from their origin, and the emitted radiation can readily escape, rather than being trapped and cooled as the supernova expands. The combined kinetic energy of many such shells (almost 10 51 erg) can account for the total radiated energy from iPTF14hls.
Nevertheless, there are problems with this scenario. For example, the model does not explain the supernova's constant temperature. Additionally, Arcavi et al. estimate that the high-speed ejection of tens of solar masses is required to explain certain lines in the observed spectrum. Such an ejection would need about 20 times more energy than could be supplied by a pulsational pair-instability supernova 6 . However, the authors' estimate is uncertain, and relies on the assumption that the supernova emits like a black body (releasing light that has a specific spectrum) at all times. In fact, the colliding shells might have provided extra ionizing radiation that would reduce the energy requirement, although no such radiation was detected.
As of now, no detailed model has been published that can explain the observed emission and constant temperature of iPTF14hls, let alone the possible eruption 60 years before the supernova. A better understanding of iPTF14hls could provide insight into the evolution of the most massive stars, the production of the brightest supernovae and possibly the birth of black holes that have masses near 40 solar masses -such as those associated with the first direct detection of gravitational waves 7 . For now, the supernova offers astronomers their greatest thrill: something they do not understand. ■ T he fate of messenger RNAs is determined by the sequence of their four main molecular building blocks: adenosine, guanosine, cytidine and uridine. However, these components can be chemically modified in ways that impart additional information to mRNAs. The identity and location of such modifications in the transcriptomethe complete set of mRNA molecules found in a cell -comprise the epitranscriptomic code. In 2016, two studies 1,2 expanded this code by reporting that there are more than 7,000 N 1 -methyladenosine (m 1 A) modifications spread across the diverse mRNA transcripts in the cell. On page 251, Safra et al. 3 overturn the concept that m 1 A is an abundant
EPITRANSCRIPTOMICS

Shrinking maps of RNA modifications
The presence of N 1 methyl groups on adenine bases was thought to be widespread in messenger RNAs. It now seems that these modifications are much less prevalent, and occur on mRNAs that structurally mimic transfer RNA. See Letter p.251 epitranscriptomic regulatory mark, and reveal principles that guide the formation of these RNA modifications in mRNA.
The m 1 A modification differs from the nucleoside adenosine by the presence of a simple methyl group. This group adds a positive charge to the base in adenosine, and prevents it from forming standard pairing interactions with other bases in nucleic acids -unlike the common N 6 -methyladenosine (m 6 A) and pseudo uridine modifications, which form standard base pairs. The m 1 A modification was initially mapped in the transcriptome using an antibody that binds to it 1, 2 , so that RNA fragments that contain m 1 A could be isolated and sequenced using 'next-generation' sequencing methods. Thousands of mRNA regions were attributed to m 1 A in this way, but the method did not detect the exact sites of the modified molecules.
It was expected that m 1 A modifications would disrupt the translation process, in which the cell's ribosome machinery uses mRNA as a template for protein synthesis. It was therefore remarkable that the m Among the small number of mRNAs identified by Safra and colleagues as being susceptible to m 1 A modification, very few copies actually contained the modificationindicating that the modified forms of these transcripts are infrequent in cells. However, the mRNA that encodes the enzyme NADH dehydrogenase-5 (ND5) in mitochondria was frequently modified, such that most transcripts contained m A, but few do so at the late-blasto cyst stage (which occurs at five days of development).
The authors also showed that m 1 A impairs mRNA translation, revealing a potential function for the modification. Moreover, they found that ND5 contains a single nucleotide polymorphism -a sequence variation involving a change of one nucleotide, found in some individuals -that is linked to a disease known as Leber's hereditary optic neuropathy. Notably, this mutation prevents the formation of m 1 A in the ND5 mRNA. Defects in m 1 A formation might therefore be linked to disease.
Most m 1 A in the cell is formed in tRNA, where it has a role in tRNA folding 5 . Safra and colleagues found that most m 1 A residues in mRNA are formed in sequences that look remarkably similar to the T-loop Mimicry of tRNA structures seems to be a general mechanism by which nucleotide modifications can be introduced in mRNA (Fig. 1) . For example, pseudouridine-forming enzymes that modify tRNA also modify similar structures in mRNAs 7 . Notably, mRNAs can contain mimics of other modified non-coding RNAs. An mRNA was recently identified 8 containing a sequence that mimics the U6 small nuclear RNA (snRNA), a non-coding RNA involved in the splicing process by which RNA transcripts are processed to form mature mRNAs. This mimic is modified to form m 6 A by the same enzyme that modifies U6. Because the enzymatic machinery that modifies noncoding RNA can be co-opted by mRNAs that contain structural mimics, searching for other tRNA-or snRNA-like structures in mRNA might reveal previously unknown modification sites.
What explains the discrepancy between the number of initially mapped m 1 A sites and Safra and co-workers' results? The m 1 A antibody might bind to unmodified regions of mRNA, as has been observed for other antibodies that bind modified nucleotides 9 . Distinguishing RNA fragments that bind to antibodies through a modification from fragments that bind nonspecifically is challenging. In the earlier work 
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Metropolitan areas suffer from too many people, too much congestion, problems of pollution and a scarcity of chlorophyll and sunlight … Continual efforts must be made to prevent unnecessary concentration of activities in London, particularly in the central area … This is where technology comes in. With the improvements now in prospect for the decades ahead, there is good reason to re-examine the assumptions on which the doctrine of counter-magnet cities has been based. Specifically, it would be good to know how far it may be possible to give people who live and work in satellite cities a sense that they are nevertheless a part of the metropolis … Why, for example, should not the city now certain to emerge on the Solent be deliberately linked with London by fast train services and cheap telephone circuits in such a way that it would seem no farther away than the outer suburbs of the metropolitan sprawl? From Nature 11 November 1967
Years Ago
Victory in the air … depends on two sets of factors -tactical and technical … To secure a good tactical position a machine must possess good technical factors; for instance, good armament is useless unless a machine is fast enough to be able to challenge the enemy to battle … In the early days the importance of the mastery of the air had not been fully appreciated, and aerial combats were rare. The chief use of aeroplanes was to obtain information as to the enemy's position … Early aerial fights were generally ineffective, and resulted in a few bullet-holes in the wings, mainly owing to the difficulties of aim and the small quantity of ammunition carried. From Nature 8 November 1917 misincorporations, a highly sensitive and specific method.
The new study demonstrates that nextgeneration sequencing data can, in some cases, erroneously give the impression of widespread internal modifications in mRNA. Although m 6 A and pseudouridine are well-documented epi transcriptomic modifications, and their mapping can be performed reliably 10, 11 , the validity of newer modification maps is unclear, because the modifications were mapped from sequencing data but not biochemically validated. A recent study 12 of the mammalian transcriptome mapped approximately 3,500 nucleotides that contain methyl groups on the ribose part of the molecules. However, subsequent reanalysis showed that the key sequence motifs discovered in this study matched those of 'primer' sequences used to generate complementary DNA, a common sequencing artefact 13 . Rigorous criteria are therefore needed to validate the results of modified-nucleotide mapping studies. Foremost among these is direct biochemical validation of modifications in target mRNAs. Additional criteria should include confirmation that a modification site is seen in separate mapping studies using independent, modification-specific antibodies. If the modified nucleotide causes mutations during reverse transcription, then these mutations should also be used to verify mapping data. Lastly, experiments in which the modificationsynthesizing enzyme is deliberately depleted in cells can further demonstrate the specificity of a mapping experiment, as Safra et al. have shown. ■
